Near net shape manufacturing is adopted in the synthesis of polymer matrix composite laminates. Joining of this laminates is critical to its intended application as engineering structural material. Mostly rivets are used for joints, success of these joints dependent on the geometrical and dimensional integrity of the holes drilled in these laminates. This work studies and compares drilling performance on laminates made up of different matrices such as Epoxy, Bisphenol and vinyl ester. Thrust force (N), during the drilling process and assessment of delamination factor after the process, could reveal the dimensional integrity of the holes to a larger extent. This paper discusses the effect of matrices of laminates, on the machining process and also, justifies the widespread use of epoxy as matrix material for Glass Fiber Reinforced Plastic (GFRP) composite laminates.
INTRODUCTION
Due to the inhomogeneous and anisotropic nature of the GFRP composite materials, machining of polymer matrix laminates is not as easy as machining of metals. More than one million holes are required in a small engine air craft mostly for fasteners. Drilling studies on Glass Epoxy GFRP composites are done extensively in the forms of concentration on tool materials and geometry, roughness of drill surface, thrust force and delamination at entry and exit, with respect to the influence of point angle of tool, variable feed rate, and variable spindle speed. GFRP) [5] . A study on CFRP/Ti stacks using variable feed rate (high feed rate for CFRP and low feed rate for Ti) is also carried out. Statistical significance of fibre orientation is also analysed. Damage progression was found to be strongly influenced, by the fiber orientation physical and mechanical properties of the FRP composite [6] .
How machining process alters the mechanical properties of laminate preparation is also studied. It has been observed that irrespective the production methods, machining changes the physical and mechanical properties of the laminate [7] For short carbon fiber composites, experimental data shows that the tool wear, the surface finish and the cutting force fluctuate with respect to the depth of cut, the feed rate and the cutting speed [8] . The whole quality parameters analyzed include hole diameter, circularity, peel-up delamination and push-out delamination and Analysis of variance (ANOVA) was determined, for hole quality parameters. The optimum cutting conditions for defect free drilling were found out, by Genetic Algorithm (GA) [9] [10] . The variations of cutting forces with or without onset of delamination, during the drilling operations were analyzed. No major attempt has been made so for, to know the machine ability details on glass, with thermo set resins other than epoxy resin. 
Preparation of Gfrecs
Glass Fiber Reinforced Epoxy Composites (GFRECs) consists of glass fiber in an epoxy matrix; it was manufactured by hand layup method. The reinforcing material that is the E glass fiber was laid at 45 degree orientation.
Hence alternate layers were perpendicular to each other. This arrangement enhances the strength of the composite in all directions. Eight alternate layers of glass fibers of arranged in this manner along with epoxy matrix in between each layer to get the thickness of 5mm. fiber is maintained at 60% by weight in this method. Similarly glass fibers laminates with bisphenol and vinyl ester matrix also prepared. They are cured at atmospheric temperature and pressure. Care is taken to ensure the absence of air bubbles in the laminate. Rollers are rolled over the laminate after each alternate layer 
RESULTS AND DISCUSSIONS

Effect of Spindle Speed on Thrust Force Figure 3: Effect of Spindle Speed (rpm) on Thrust Force
In high speed drilling experiments the torque values were found to be less than 0.1 Nm and negligible when compared to values at low speed drilling hence the thrust force is alone considered for analysis. The thrust force obtained for various spindle speed during the high speed drilling of GFRP is presented in Figure. 3 It can be observed that the thrust force increases with the decrease in spindle speed owing to increase in the temperature of the matrix. Softening of matrix takes place due to the elevated temperature; hence at higher temperature drill bit penetrates the matrix with reduced resistance. This attribute of high speed machining results in lower thrust force
Effect of Spindle Speed on Delamination Factor
Figure 4 and Figure 5 show the effect of spindle speed on delamination factor, at the entry of the hole (peel up delamination) and at the exit of the hole (push out delamination). Push out delamination is higher than peel up delamination for the same set of operating conditions. It is due to the fact that when drill bit approaches the exit it encounters relatively very thin laminate which gives very little resistance for the drill bit. Among the three matrices, lesser delamination occurs for epoxy matrix material. Toughness of matrix plays a critical role in cracking and failure of the laminate. Resin failure occurs even before the total failure of the laminate. Hence being a strong matrix with a higher ultimate tensile strength of 63.80 MPa [13] epoxy matrix gives better results. It justifies the wide spread usage of epoxy as a matrix material for polymer composites. hole with less delamination. When drill bit approaches the exit of the hole, it has relatively thin laminate layer to be drilled.
Hence, high speed drilling is adopted in drilling of glass fiber reinforced plastics, carbon fiber reinforced plastics and other polymer composite laminates.
Figure 5: Effect of Spindle Speed on Delamination Factor (Exit)
This thin layer gives less resistance to the drill. Hence, push out delamination is more severe than peel up delamination. On the whole, when spindle speed increases delamination factor decreases. Delamination factor (at exit) or push out delamination is more than the delamination factor (at entry), or peel up delamination. Feed rate has a greater influence on thrust force, push-out delamination and diameter of the hole. While, lower feed rates reduce thrust fore and push-out delamination, higher feed rates result in holes closer to the nominal diameter.
Feed rate has clear and almost linear relationship, with both thrust force and delamination factor Figure.9 a) shows scanning electron images of the drilled whole wall surface of GFRP with epoxy resin, bisphenol resin and vinyl ester resins, respectively. In Figure 9 .b), the arrangement of fibers and distribution of matrix is shown, in this distribution of matrix is uniform in certain places and they are not uniform in certain places, it is due to uneven distribution fibers, during manufacturing and fiber pull-out during machining operation. Figure 9 c), shows the pattern of fiber breakage in the work piece, which is manufactured with glass and bisphenol resin.
Regression analysis is a statistical tool, to find the influence of process parameter variables on the responses. 
Equations 1, 2 and 3 were developed to have the correlation between the input variables on the thrust force, delamination factor (entry) and delamination factor (exit) is also observed that, for same set of input parameters delamination factor (exit) is higher than delaminating factor (entry). It is very much evident that feed rate has more influence on the output responses followed by spindle speed and matrix material Based on the above ANOVA analysis, it is every much evident that feed rate has highest statistical significance on the responses, followed by spindle speed (rpm). Matrix material has very low significance on thrust force and delamination factor.
CONCLUSIONS
• When spindle speed increased there is a considerable decrease in thrust force. The highest spindle speed 20,000 rpm has given less thrust force and delamination.
• When feed rate (mm/rev) is increased thrust force and delamination are also increased. The highest feed rate of 0.015 mm/rev results in higher thrust force and delamination
• Lesser delamination occurs for epoxy matrix material. This phenomenon occurs due to the relatively strong and hard epoxy polymer compared to the other two which are bisphenol and vinyl ester. Delamination factor (F d ) is higher at the exit than at the entrance for all the experimental conditions
• Based on the mathematical models, it is arrived that feed rate has more influence, spindle speed has relatively moderate influence and matrix has less influence on thrust force and delamination factor
